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(W1 Process for the production of filter element* beted on polyM.lnhnnn 

U7) in the DroduGHon of pol Y sul P hone-bascd filter elements cell structure reproducibility i 

SIqu^^ of the polv«ulphon«te solution in » liquid bath over a period of about 30 seconds to «u. 


coag 
seconds 


d) dl temperatures from be 


low OX to about 15 C for producing filter elements of pore size 0.1 nm to 1 nm Suitable 

« «f . .a -H.I. ia f/p ti- . «»-nr^^ nf nnnloloc (roicr-ofilt ration) -Of 

a psrc £i:c C.C5 ^rr: to 10 ;i.r? fo* *#»p*rA!ion nf jvutiH*!s (rmcrohltration). 
"the filter element Ocmg subsequently washed in a liquitl Us!l«., 
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PECIFICATION 

rottii for the production of filter elements bind on poiyiuiphone 

Ml Invention riletei to the production of filter elements boiod on polyaulphono, in the form of flltor t 
timbranti, mimbrine/deep filter combination! or filter bodies by a proceii In which e isml'finlihed filter 
lament li fo wed from e solution of poiyiuiphone containing a pore former end the poiyiuiphone of ihii " " 
»ml>flnlehed product li coagulated by Immersion In « liquid betk- 

Such b procoti for the production of anisotropic membranes It known from European Patent Application 
1 301 074.VOO36318. This preeessis tald to be suitable far the production of flit*.' wmMm, -kM^ilir- 15- 
om poiyiuiphone. For this purpose, a solution of poiyiuiphone, molecular weight 3,600, in dimethyl 
irmemlde with the addition of isopropyl alcdhol is shaped to form a membrane and Immediately after It has 
sen ehiped or cast It la coagulated In water which is maintained at the surrounding tomporsturs. This 
rocees, however, cannot be used for obtaining controlled and previously calculated or determined 

lupvilloi uf lli« flllvi itiBiubroptt «» rey«rd» lit porosity, pore dIzu i/i toll •rn/uuiw. tH» itftrrvfursryrvpowU' ~""io" 
(European Patent Application 81 301 074.1/003631 5 to obtain different properties in the filter membranes 
/producing the filter mombranos from different-rosins or «oin«iuturo9iin-parlieutw, lhe proeeee- — 
lacloaed In European Patent Application 81 301 074.1.0036315 can only be used tor producing filter 
lembranes with a highly anisotropic structure. 

By contrast, it is an oDject of the present invomlon to provide a process for the production of ZO 
Olysulphono.basod flltor olomonte in which the nature of the cell structure and tha porosity and psra oix-tf- • •• 
ie filter element can bo predetermined by a simpio and easily controlled modification of only a few process 
srameters independently of one another, and the ndium of the cell structure can bo controlled by difforont 
wees parameters from those used for the porosity and pore size of the filter elerawu. 
To solve- this problem in accordance with tho invontion, thoproportione-in'.vhioh-polyculphono, eolvont- 38- 
id pore former are mixed in the polysulphone solution are determined according to the dosired porosity 
id pore size 61 the titter element, and coagulation with stabilization or the filter element is carried out in the 
juid bath over a period of about 30 seconds to 240 seconds. 

1 at temperatures trojabolowQ'-'Cto about •IfrCJorforroiftg filter«iomonuwitha poroeuc-oM«m.Q,i nm 

• 1 nm In the active separating layer for the separation of macromoleculos by ultrafiltration or 30 
i at temperatures of about 1 5 C to 45' C for forming filter elements with an asymmetric cell structure and a 
jre size In the active filter layer of from 0,05 urn to 10 nm for separating particles by micro filtration or 

at tomperatures from about 4!>'C to 60 C for forming finer elements with a symmetric ceii structure and a 
resize of from 0.05 umiolO |im for the sepnration of particles by microfiltration 
id the fiitervivmbtirivtlMi washed inTrileayiuiiemlitTtiqcrfdl/atlr, 

In the proeees according to the invention, therefore, the nature f the cell et'ueU»A ie dotnrminod mainly 

/ the twmppraliirp mAimainM.inJJVf ooqi il^f inRAO.rl.stA|ijl(rAf ianJ»n|.h butJthn chnir.R n.f thn p/i/liculAr 

mperature has virtually no influence on the porosity or poro size in in filter element, the process 

xording to the invention is particularly distinguish d by the tact it is highly ^producible, 

Tlw invantlen prsvides s clear separation between central ef the col! structure onri e ntral of tho porocity 40 

td p re size in the filter dement, It has hoen found that the temperature control cf thc-oaaci«tation and 

abilization bath, which influences the nature of the cell structure, has no significant influence on the 
>rosity and pore size in tho filter elemont, Tho latter features, which are important for the filter element, are 
ainlv influenced bv tho comnosition of the oolvsulDhone solution, In uarticular the orooortions in which 
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Onp pcsoiblo method of producing similar fllior dementi In accordance *iih did Invention consists, (or 

example, o( forming the semi-finished filter element by impregnating o woven a non-woven web with the 
polysulphone solution containing pore former, 

The semi-finished filter element may also be formed by oxtruding the polysulphone solution containing 
8 pore former to produce a film in the form of a band or tube, , 8 

According to another example of producing the desired filter elements, a coarsely porous filter body which 
has been produced by sintering or some other meens Is steeped in or Impregnated with the polysulphone 
solution containing pore former to form a semifinished filter element, which Is then transferred to the liquid 
bath for coagulation and stabilisation of the polysulphone filling, optionally after pre-slf eiiglhening of its 
10 polysulphone filling in air. 10 

According to theiwsM^ 

moy be Introducod into the water of the coagulation and iiaWlfeatlw^dllweintty or }&5ombi&Ml$v- 
e.g. solvents and/or pore formers and'or alcohol. Thus the same solvent as that used for the polysulphone 

solution may be added to the coagulation and mabilizatlon bath in quantiti«e.of.fromSv6!umea.%.to^ 

15 volumes % preferably about 10 volumes %. Furthermore, for example, the same pore former as that used in 15 
the polysulphone solution may be added in quantities of about 1 volume % to 35 volumes \ preferably 10 
volumes % to 20 volumes %. 

Ethyi'cilL'QhorrtToralvoljQiiricied'toihe'Wiirer of shcton^nliiitun7inri^oibtflrariunljBch1ii-yodniith?«'iif" 
abi-ut 5 wlumsa % is 20 vfilumci % preferably ."bint II) volumes "••«. Instead :f ethyl sleehsl, eempsrsbls 
20 quantities of isopropyl alcohol may be Htklml to the water of the copulation and stabilization bath, 20 

8 xjmploc of tho invention ow doccribod in more detail bolow with reference to the drawingc, In which • 

Figure I is a graphic roprnsootntion of tho rains of flow of water through the membranes produced 

according to the ir>yen!ion Y mfl^urfidpw«iiii^u< (see ar^.JAdeptfndoncc.upon.ihtwmpflM^fiiw.". 

c agulation bath used in the formation of the membrane; 
25 figm2\o 7m electron microscopic photographs of nfilmrmcmbrano produced by the process 2$ 
occordingtcthotov&niioMtw of-WC-and- 

%/res fltn U m nlcctron microscopic photographs of a filter mombramt pruilucod by tho process 
according to the invention at a coaptation bath temperature of 50 C 

A oolvsulohone solution haviwi the followinu coinoosition; 
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EXAMPLE 2; . 

A polyiulphono lolutlon haying the following composition; 
15.3% by wtlght poly«ulphone, molecular weight 1700, 

60.7% hy **Jnh! palyethytanegiycol, motocuier- weight 400,** po^fermor — : ••— 

was oast on 5 smooth as In example 1 to form a layer havinfl a thickness of abuui 200 . t<rSW>nrf of wwt~ 
fllm). Aflar catting, tha solution was kept In moist air (atntosuhe rii; humidity 50 to 60%) for about 30 sounds * 
I to 1 minute, Tha fllmflhtr^^ 

bath being adjusted to difforont temperatures In sueee*eiv* exponents *a4rrdfcei*d b^tofVto^odviU 

membranes with different properties; 

Experiment 2,1 bath tampersture. 1SX- 

i Experiment 2.2 bath temperature 2QX 15 
Experiment 2.3 bath temperature 30°C 

in 101 1« wan 1 iviHpciaiui c w 

Experiment 2,5 bath temperature BOX 
Experiment 2.6 bath temperature 70X 

20 

Stable filter membranes were obtained in all the experiments after washing as in Example 1, and these 
membranes were then Investigated for their characteristic properties. 

Pormeebllity of the filter membranes to water; The water permeability of the mumbr uxu* wui/xtoturow-Asd 

as a major indic8t!QnofthecoM£truc!tjro>p^ — 

flow of water through each membrane per unit surface area and unit time. Previously filtered, distilled water 25 
was used as test medium and the pressure drop across the membrane was adjusted to 0.9 bar. 

In the graph of Figure 1 , the rate of through-flow of water l& given in 

— s xmmxIO J 
cm' 

30 

In dependence upon the temperaturo of the coagulation bath. 

rionrft 1 ffmtafna rwn graphs. The graph labelled "mixlm* 1" i6lati^-iiY^t»w(iv:ii^ir.\u«v]^x*>ti.HX't> > 

aCCOldinJi loEadmple 1 v*IhIc thtr ^rypti l ff Wr^ 

to Example 2. 

Both graphs show that the relationship between the rate of through-flow of water and the temperature of 35 
the coagulation bath is virtually linrsar at tfimpfirauirns frnm mT. to aho\aJ0T..ThP. biQhrnjlv\i*mftf wujr^ 
nf the nrmgulatinn hath, rh*> oreater Is the rate of flow of water throuoh the momhrnnes of both groups. At 

coagulation bath temperatures abnvp CtTC th* rat* of ihroMghjftownf.watP.r/ ODUnuc^.trLUvrccta^ftwith 

increasing temperature of the coagulation and stabilization bath but the rate of increase is less rapid than at 
temperatures up to 40X of the coagulation and stabilisation both. 40 

Electron microscopic photograph of the structure; Figures 2 to 14 are electron microscopic photographs of 
membranes produced from polvsulphono solution according to Example 1 , Fignre.s ? in 7 am electron 

microscopic photograph* of a pnly&nlphnna filter membrane produced with the coagulation hath 

maintained at 12X. Figure 2 shows a cross s ction through the origo of such a membrane in '80 times 
enlaroweoU47*S.uo)e^.Asm3^ 45. 
cidoond undornoath this a substructure 13 with finger ohepedb&ta?!*. Flg^e39^^a^t»C4vo4the3!4irv 

12 on tho surface of the membrane 1 1 in 7500 timoc enlargement (7506 tlmec^Tho rt^'ctiiroofUJiicxurfnco. 

Skin is so dense that thu membrane has all the properties of an ultra filtration mamlM/mo. Tin* almost 
completely closed structure of the surface skin may be seen from Figures 4 to 6 which arc electron 
microscopic photographs of the closed upper side of th filter membrane 1 1, Figure 4 beinu a 7b0 times 50 
enlargement (748 times). Figure 5 a 7li00 times enlarg ment (/bOGtim s) and Figure 6 ;i lb.000 limea 
enlargement (1 5,01 2 times). Thnse electron microscopic photographs on different scales shuw, in 
conjunction with Fiflures 2 and 3. that a virtually pore-froc surface layer is formed, which is impermeable to 
water used as test medium. As may be seen U m Figure 1, virtually complete imperviouMn*s:; of the surface 


btl^-l^-'d^ id:jy iu;t)HW rHitm dlkviuld icl nui tv^?t?-oc^ i x ^ 
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Figures 8 to 14, by contrail, show a filter membrane with an almost symmetrical porous structure 
produced according td #*p*rlm*nt 1 ,4 of isemple 1, nsms! 1 ,' with thsrttuugul^lun ard utub!!!^^t!^n bcsin 
maintained at a temperature of B0°C. Filter membrene 21 obtained in this manner is e typlfcel micro filtration 
- membrane, l.ei a mambrane which has an almost symmetrical porous structure throughout its thickness 
8 between the two surfaces 22 and 23. 6 
Figure 8 Is an electron microscopic photograph showing this microfiltration membrane 21 In cross section 
through en edge enlarged 740 times (740 times). It may be teen from Figure 8 that the pores are possibly 
slightly smaller In the region of the upper surface 22 than In the region of the lower surface 23 but it is clear 
that the pore structure Is substantially symmetrical throughout* The fact that the differences In pore size 
10 between the region of the upper surface 22 and the region of the lower surface 23 are only slight is evident 10 
from e comparison of Figures 8 and 1 0 which are electron microscopic photographs of edge cross sections 

through the microfiltration membrene 21, Figure 9 being taken In tho region of !h» upp»r *yxfac*22-§nd- 

Figure 10 in the region of the lower surface 23, 
Figure 1 1 1s en electron microscopic photograph of the microfiltration membrane 21 of Figure 8 taken from 
16 the upper surface, l t e. showing the upper surface 22 in 1 100 times enlargement (1 100 times). It may be seen 15 
from Figure 1 1 that the pores of the microfiltration membrene 21 open on to the upper surface of the 
nwnbiane;Awiipffriron™Hbf^ 

surface of the microfiltration membrane i\ . 11 one taxes imo account mat ngu?e 1a is an electron 

mlui u aiupli p li uluy i dp l i u f ihe u ii dwiUUtt uf thu h i uhiIh jhh* «hIhh}«J T 6 0 i ( m »i (?53,TP timet), thu : 

20 comparison between Figures 1 1 and 13 reveals that the openings of the pores on the undersidB of the 20 
microfiltration membrane 21 are not significantly larger than on the upper side. Figure 12 Is an electron 
microcopic photograph of the upper side of the microfiltration membrane 21 of Figure 8 enlarged 7500 times 
17480 times) and shows a more or less* regular fraTnewor* suuaurKoiwmeTnOT^mmTlx; Tmrsnuciuriraf 
the matrix on the underside of the mombrane 21, on the other hand, is slightly less regular, as may be seen 

25 from Figure 14 (electron microscopic photograph in 3000 times enlargement (2945 8 times)). However, no 25 
significant difference in porosity and pore size can be detected between Figures 1 2 and 14, 

Tho film thicknesses givon in connection with the exemplary embodiments described above and the 
casting speeds of from 0,5 m to 1.0 m per minute provided in these examples depend to a certain extend on 

tltBL'uiisKruuliifii tiiJ dimen*run*yftliV'ic^orato 

30 Whereas a final membrene thickness of et*out 70 |im, which is the velue which can be achieved in such 30 
Installations, is sufficient for ultra-filtration membranes, the possibility of also obtaining greater thicknesses 
would be desirable for symmetric membranes, and this maybe achieved by suitabib design ot tne 
production plant, 

35. CLAIMS 35. 

1 . Process for the production of filter elements based on polysulphone, »n thp form nf filter mftans 
selected from filter membranes, memDranes'Ueep filter combinationsfcr finer ooales/frrwhicif process a 
semi-finished filter element is formed from a solution of polysulphone containing a pure former and th* 
40 polysulphone of this semi-finished product is coagulated by immersion in a liquid bath, wherein the 40 
proportions in which polysulphone, solvent And yur'e foinw are mixed I* the polyMJlphon«&!u*i&fr or^- 
odjust d according to the desired porosity and pore size of the filter olemcnt, and wherein coagulation with 
stabilization of th filter element is carried out in the liquid both for a period of about 30 seconds to about 240 
seconds and 

45 al at a temperature from below 0X to about 15 X for forming filter elements having a pore si7e of from 0.1 45 
nm to 1 nmin the actor* ttp?'*tjog.Ui\tet (ot sefwratjn^mftrinmatatt^ - • 

b) at temperatures from ab ut 15 C to about 45 C for forming filter elements with an asymmetric ceil 
structure and a pore size of the active separating layer from 0.05 >im to 10 |im for separating particles by 
microfiltration or ■ * 

SO c) at temperatures in the range from ob ut 45 C to 80 C for forming filter element* with <i symmetric cell 50 

rirurtitru tinH n/iru cita nl Irnm II f)N ..mtrt 1 fl ti m tr»r mnar'Jt I flfl t\ lift 1/JilV JlW mU*(f\tlUTjllU\lt 
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0. Proem according to any one Of tho claims 1 to 3, wherein the eeml-finlthod filtor oiomont is for med by •- 
Impregnating a woven or non-woven web with the polysulphone solution containing pore former, 

7. Proceefiwordh j to any one of the claims 1 to 3, wherein the semifinished filter element is formed by 
ftrudlng thejolyiulphone •olullon containing pore former to form a band or tube of film, 

1. Proceaiiooordlftjtoanyoneof theclalma 1 to3 ( wh^^vi^rt^W^nl^MjTftTiiir * 

>aklnQ or Imprtgnetlng i coine porous filter body produced by elntcrlnHr some thtt maaae-wlththe 

olysulphone solution containing pore former and wherein this semifinished filter element la transferred to 

ie liquid bath for coagulation and stabilization of tU yuiywfplioiwffl fmpulluifally atorpreweTigihBnlnn; 

I Its polyaulphone filling In air, 

0. Proceii according to any one of claims 1 to 8, wherein the coegulation and stabilization bath contains 10 
iter with the addition of solvents and/or pore formers and/or alcohol, 

10, Process according to claim 0, wherein the coagulation and stabilization bath twitlm on aJJmuiruf- - 

ie same solvent as that used for the polysulphone solution, in quantities of from 5 volumes % to 20 volumes 

1, preferably about 10 volumes %, 

11, Proceis according to claim 9 wherein the coagulation and stabilization bath contains an addition of 15 
ie same pore former as the polysulphone solution in quantities from about 1 volume % to 35 volumes %, 
referably from 10 volumes % to 20 volumes %, 

12, Process according to one of the claims 9 wherein the coagulation and stabilization bath contains an 
ddltlon of ethyl alcohol In quantities of from 5 volumes % to 20 volumes \ preferably about 10 volumes %. 

13, Process according to one of the claims 9 wherein the coagulation and stabilization bath contains an 20 
ddltlon of Isopropyl alcohol in quantities from about 5 volumes % to 20 volumes %, preferably about 10 
DlumesVo. 

14, Process according to claim 1 wherein washing with water is carried out in onu or mum baths si 
iinpwiu w from 20 A C to 40 'C over a period of from 30 rclndtiis to several hours, 

15, Pr cess according to claim 1 wheicin o Muter* ispyavafiuiirtOtx/ l^bywiyiTl of • 25 

olyBiilphnne, having a molecular weight of 1700 22 to 28% by weight of N.methylpyrroiidon waolvenuhe 

imainder being polyethylene glycol having a molecular weight of 400, as pore former, a semi-finished 

r duct having the form of the desired filter element is produced (torn mis polysulphone solution, this 

jmi.finished product It prestrengthened in moist air for a ported of from 30to 60cosonfo,th comi fintohed 

roduct is then coagulated and stabilized in a liquid bath which is maintained at a temperature selected 30 
ccordlng to the desired structure of the filter element to be produced, and the filtor element is then washed 
i water, ' 

16, Process according to claim 15, wherein the polysulphone solution is poured out to form a lay r 

at, inn a thif Lnacc nl MA urH Ar mnn ItnlrLnaca rtf Ihn Mint lAUArt tfl fSfrtrflirA fillAf ftlAmh'rMnPf 


